EXPANDED POLYSTYRENE CORE SPORTS BOARD 

Background 

Sports boards are popular and widely known for providing recreational entertainment 
5 in both warm and cold weather environments. Sports boards are often composed of a 
lightweight foam core, plastic film skins on the top and the side rails, and a thick slick plastic 
bottom surface layer. Typically a polyethylene foam core is used and the skins and slick 
layers are made of composites of solid polyethylene sheet material and foam polyethylene 
material Use of polyethylene for both the core and skins allows for heat laminating, 
10 bonding the skins to the core of the board because of the thermoplastic properties of both 
polyethylene foam and solid polyethylene sheet material. 

One drawback to using a polyethylene core is that it does not have the structural 
stiffhess that other foam polymer materials may have at similar densities. For example, 
expanded polystyrene (EPS) foam has more structural stiffness at a similar density than does 
15 polyethylene (PE) foam, A stiffer core for the sports board improves the sports board 
performance in a variety of applications, such as surfing, sledding, or similar activities. 

One problem with using polystyrene cores is that polyethylene or other polyolefin 
skins are difficult to bond directly to polystyrene. Typically, a solvent-based adhesive will 
have to be used to bond a polyolefin to polystyrene. Solvent-based adhesives have several 
20 drawbacks. Solvent-based adhesives outgas the solvents as they cure. In some cases, if the 
adhesive cures incompletely, then it does not achieve the desired bonding strength. 

It may be desirable to develop a method of heat bonding a polyolefin material to an 
expanded polystyrene foam material to form a sports board that has the structural stiffiiess 

1 



t 

advantages of a expanded polystyrene core and the desirable tactile properties of polyolefin 
skins bonded to the core. 

Summary 

A sports board that includes an expanded-polystyrene sports board core. The sports 
5 board includes a composite top skin heat bonded to the top surface of the expanded 
polystyrene sports board core. Composite side rail skins are heat bonded to side rails of the 
expanded polystyrene sports board core. A composite slick bottom skin is heat bonded to a 
bottom surface of the expanded polystyrene sports board core. 

Brief Description of the Drawings 
10 Fig. 1 is a perspective view of an embodiment of an expanded polystyrene core sports 

board. 

Fig. 2 is an exploded assembly view of the sports board of Fig. 1. 

Fig. 3 is a schematic illustrating an exemplary set of steps for making an expanded 
polystyrene core sports board. 
1 5 Fig. 4 is a schematic view of a processing step for making an expanded polystyrene 

core sports board, illustrating laminating a blended sheet of expanded polystyrene and 
polyethylene to an expanded polystyrene sports board core. 

Fig. 5 is a schematic view of a processing step for making an expanded polystyrene 
core sports board, illustrating laminating a slick skin to a blended sheet of expanded 
20 polystyrene and polyethylene. 

Fig. 6 is a schematic view of a processing step for making an expanded polystyrene 
core sports board, illustrating the laminating of a polyolefin sheet to a foam backer and then 
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laminating the polyolefin sheet/foam backer to a blended sheet of expanded polystyrene and 
polyethylene to form a composite top skin. 

Fig. 7 is a schematic view of a processing step for making an expanded polystyrene 
core sports board, illustrating the laminating of a composite top skin to the top surface of an 
5 expanded polystyrene sports board core. 

Detailed Description 

A sports board according to an embodiment of the present invention is generally 
indicated at 1 0, in Fig. 1 . Sports board 1 0 is a body board type sports board used for prone 
surfing in breaking waves adjacent the beach. It will be understood that any type of sports 

10 board may be constructed according to the present invention and the body board type shown 
is illustrative of only one embodiment 

Fig. 2 clearly illustrates construction of the sports board of Fig. 1 . The construction 
of sports board 10 may be easily understood examined from the expanded polystyrene (EPS) 
core 12 outward. The center of the board is made up of core 12 giving the sports board its 

15 shape and structural stiffness. Core 12 may be a pure EPS core or it may be an EPS, PE 
hybrid core. The thickness will vary depending on the application that the board will be used 
with; the range being a thickness of between 1/2" to 5". Snow products are typically 1/2" to 1 
1/2", bodyboard type surf boards are typically 1 1/2" to 2 1/2", traditional surfboards are 
typically 2" to 5". The density of the foam core is between .75 pounds per cubic foot to 3 

20 pounds per cubic foot. 

Moving out fi-om EPS core 12, a sacrificial blended sheet 14 of expanded polystyrene 

and polyethylene (EPS/PE) is directly bonded using a heat lamination process to core 12. 

Sacrificial blended EPS/PE sheets 14 are bonded to all the surfaces of core 12, as will be 
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described in more detail below. Sacrificial blended EPS/PE sheet 14 facilitates bonding 
between an EPS foam and a polyethylene material because of the blended nature of the 
EPS/PE sheet. The blended sheet may have a density of between 0.75 pounds per cubic foot 
to 3 pounds per cubic foot. 
5 Moving out from sacrificial blended EPS/PE sheet 14 on the top and rail surfaces of 

board 10, foam backer layers 16 are bonded to the blended EPS/PE sheets 14. Foam backer 
layers 1 6 are typically a polyethylene foam, but can be other thermoplastic polymer foams 
also. For example, backer layers 1 6 may be non-cross linked PE foam, cross linked PE foam 
(irradiate or chemically cross link). Polypropylene foam, etc. The densities of foam backer 

10 layers may be between 2 pounds per cubic foot and 10 pounds per cubic foot. The backer 
layers may be between 1/16 and 1/4 of an inch thick. 

Moving out from sacrificial blended EPS/PE sheet 14 on the bottom surface of board 
10, a slick sheet, or slick skin 18 is bonded to the blended EPS/PE sheet 14. Slick skin 18 is 
typically sufficiently thick to ensure that abrasions from normal use do not puncture the slick 

15 skin. Sports board 10 may be more functional if a low friction material is used for slick skin 
18. A low fi-iction material enhances the performance of the sports board when it is being 
ridden. Slick skin 1 8 may be co-extruded onto a foam backer layer, such as backer layers 16. 
Slick skin 18 may be any suitable material, for example, sheet PE (LDPE, HDPE, or a 
hybrid), sheet polypropylene, Surlyn, Kraylon, etc. Slick skin 18 may include a decoration, 

20 or no decoration. If a decoration is included, then it may be formed through a printing 
process, sublimation process, hot stamping process, or co-extrusion process. Slick skin 18 
may be between 0.005" and 0.050" thick. 
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Moving out from foam backer layers 16 on the top and rail surfaces of board 10, solid 
polyolefm surface sheets 20, are bonded to the foam backer layers. Typically, surface sheets 
or top skin sheets 20 are polyethylene. The top skin and rails may be of a thickness of 
between 1/16-1/4 of an inch. These surface sheets may be decorated or non-decorated. 
5 Typically, If a cross linked surface sheet 20 is use a non-cross linked foam baker layer 16 
will be used to improve adhesion between the layers. The non-cross linked backer foam can 
be from .030" to .1875" thick and between 2 pound per cubic foot and 10 pounds per cubic 
foot density. It will be understood that this bonding could also be accomplished by using a 
dry adhesive film in place of the non-cross linked foam at a higher cost. Bonding of sheets 20 

10 to foam backer layers 16 will be discussed in more detail below. 

As Fig. 2 shows, the construction of sports board 10 includes EPS core 12, sacrificial 
blended EPS/PE sheets 14, foam backer layers 16, slick skin 18, and surface sheets 20. 
Sports boards of this construction provide a good combination of structural stiffness, 
lightweight, and useful surface properties, without the drawback of having to use solvent 

1 5 adhesives for bonding the skin layers to the core. 

Fig. 3 shows schematically one embodiment of a method for constructing a sports 
board, such as that shown in Figs. 1 and 2. It should be understood that variations on the 
method illustrated in Fig. 3 may be suitable to construction of the sports board of the present 
invention. The method may not use harsh chemicals in the manufacturing process. Because 

20 the method does not use volatile solvents that are associated with glues, there is no off 
gassing. In traditional constructions top skin layers or sheets act as a barrier for off gassing 
resulting in the glues not fully curing once the board is assembled. Using the method 
described herein a more durable, consistent, and stable adhesion between the materials is 



created. This results in a better water proof barrier. The added intermediary layer increases 
stiffiiess and durability of the sports board that is more environmentally friendly. 

The method is generally indicated at 100, in Fig. 3. Initially, as indicated at 110, a 
blended EPS/PE sheet 14 is bonded to the bottom surface of EPS core 12 using a heat 
5 laminating process. One heat laminating process is more clearly illustrated in Fig. 4, and will 
be discussed further below. It will be understood that any suitable heat bonding laminating 
process configured to form a direct bond between layers of a sports board may be used. 

After heat laminating blended EPS/PE sheet 14 to core 12, blended EPS/PE sheets 14 
are laminated to the rails of EPS core 12, as indicated at 112. Any suitable laminating 
10 process may be used. Typically, a hand laminating process is used because of the angles and 
the size and shape of the rails. Hand laminating may be accomplished using a heat gun and 
an ironing process. 

In a parallel process, as indicated at 1 14, a surface skin 20 is bonded to a foam backer 
layer 16 using a heat laminating process. Foam backer layer 16 and surface skin 20 may be 
15 polyethylene material. The heat laminating process is illustrated in detail in Fig. 6. The 
laminating process results in a layered composite of surface skin 20 and foam backer 16. 

The resulting layered surface skin 20/ foam backer 16 composite is heat laminated to 
a blended EPS/PE sheet 14 forming a composite top skin (20/16/14), as indicated at 116. 
The laminating process forming composite top skin (20/16/14) is also illustrated in Fig. 6. 
20 Composite top skin (20/16/14) is ready to be laminated to EPS core 12. 

At 1 18, slick skin 18 is bonded to the EPS/PE sheet 14 that was bonded to the bottom 
side of core 12, as indicated above at 110. Slick skin 18 may be a relatively thick, low- 
friction polyolefin sheet. Slick skin 18 may be a polyethylene sheet. Providing slick skin 18 

6 



on the bottom surface of sports board 10 improves the performance characteristics of the 
sports board because of the low friction surface and durability of the slick skin. 

After 118, EPS core 12 includes a slick skin 18 on the bottom external surface, and a 
sacrificial blended EPS/PE sheet 14 bonding skin 18 to EPS core 12. Composite top skin 
5 (20/16/14) is bonded to the top side of EPS core 12 using a heat laminating process, as 
indicated at 120. The heat laminating process for bonding the composite top skin to the EPS 
core is illustrated in more detail in Fig. 7. 

Sports board 10, from top to bottom, includes the following layers: a top surface skin 
20, a foam backer 16, an EPS/PE blended sheet 14, EPS core 12, another EPS/PE blended 
10 sheet 14, and slick skin 18. Top surface skin 20 provides a relatively high friction surface for 
keeping a rider on sports board 10. The two EPS/PE blended layers act as a solid gluing 
layer that bonds the skins to the EPS core without out gassing of a solvent or extended curing 
periods. Slick skin 18 provides a durable and low friction surface for gliding, surfing, and 
sledding. EPS core 12 provides lightweight and structural stiffness improving the 
1 5 performance characteristics of the sports board. 

The last step in manufacturing sports board 10, as indicated at 122, is laminating rail 
skins onto the EPS/PE layers that were laminated to EPS core 12 at 1 12. The rail skins may 
be made of a PE solid sheet and a PE foam backer. The completed sports board resembles 
the structure shown in Fig. 1 . Each of the processing steps illustrated in Fig. 3 above, will be 
20 discussed in more detail with reference to Figs. 4-7. 

Fig. 4 illustrates schematically the manufacturing equipment and process for heat 
laminating EPS/PE blended sheet 14 to EPS core 12. A hot air laminator is generally 
indicated at 30, in Fig. 4. Hot air laminator 30 includes two pairs of opposed rollers, a pair 



of guide rollers 32 and a pair of laminating rollers 34. A heat nozzle 36 is positioned in front 
of laminating rollers 34 and configured to provide heat for lamination. A roll of EPS/PE 
blended sheet 14 is positioned to feed into hot air laminator 30, as indicated in Fig. 4. A pair 
of tensioning rollers 38 may be used to control the speed of the feed sheet being laminated to 
5 EPS core 12. 

Laminating rollers 34 may be temperature and pressure controlled to optimize the 
laminating process. The rollers may be heated or cooled to provide the optimal bonding 
temperature based on the material properties of the core and feed sheet. Similarly, the 
pressure between laminating rollers 34 may be changed by applying an upward force on the 

10 bottom roller or a downward force on the top roller. Additionally, the speed at which EPS 
core 12 and blended sheet 14 are process through laminating rollers 34 may be adjusted for 
optimal bonding between the two materials. 

EPS core 12 is feed through the guide rollers and aligned with the feed material prior 
to inserting through laminating rollers 34. Blended EPS/PE sheet 14 is heated by hot air 

15 being exhausted from heat nozzle 36 to soften the blended sheet enough to form a continuous 
bond between the blended EPS/PE sheet and EPS core 12. Using a properly configured hot 
air laminator, such as laminator 30, a blended EPS/PE sheet may be directly bonded to an 
EPS core of a sports board, as described above with reference to Fig. 3 at 1 10. 

Fig. 5 illustrates hot air laminator 30 configured to laminate slick skin 18 on top of 

20 the blended EPS/PE sheet 14 that was bonded on the bottom of EPS core 12. Slick skin 18 

may be any material that may be heat laminated directly to a blended EPS/PE sheet. For 

example, slick skin 18 is made of a polyolefin, such as polyethylene, polypropylene, etc. 

Laminator 30 is optimized to for temperature, speed, and pressure to ensure a strong 
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continuous bond between slick skin 18 and blended EPS/PE sheet 14, As noted above, 
blended EPS/PE sheet 14 acts as a sacrificial layer in that its purpose is to make a good bond 
through heat lamination between EPS core 12 and slick skin 18. 

A roll of slick skin 18 is positioned to feed slick skin 18 into laminating rollers 34. 
5 EPS core 12 with the EPS/PE blended sheet bonded thereto is feed through the guide rollers 
bottom side up and aligned with the slick skin feed material prior to inserting through 
laminating rollers 34. Slick skin 18 is heated by hot air being exhausted from heat nozzle 36 
to soften it enough to form a continuous bond between the slick skin and blended EPS/PE 
sheet. 

10 Fig. 6 illustrates the lamination of surface film 20, or surface skin 20 to foam backer 

16 and the subsequent lamination of the combination surface skin 20 and foam backer 16 to 
blended EPS/PE sheet 14, as described above, with reference to Fig. 3, at 114 and 116 
respectively. A roll of surface skin 20 is positioned to feed through a set of tensioning rollers 
38' into a pair of laminating rollers 34\ A roll of foam backer 16 is similarly positioned to 

15 feed through a set of tensioning rollers 38' into the pair of laminating rollers 34'. A heat 
nozzle 36' is configured to apply hot air to soften the bonding surfaces of both surface skin 
20 and foam backer 16 prior to being sandwiched together between laminating rollers 34'. 

Laminating rollers 34', like laminating rollers 34, may be adjusted to vary the 
pressure, temperature and speed at which materials are processed between the rollers. A 

20 cooling period takes place after the lamination to ensure that skin 20 and foam backer 16 are 
cured and properly bonded together. The distance illustrated in Fig. 6 may not be 
representative of this cooling period and significantly greater relative distances of travel 
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between sequential lamination steps may be required for optimal bonding of the skin the 
foam backer. 

After surface skin 20 is bonded to foam backer 16, the combined laminate sheet of 
skin 20 and foam backer 16 are further laminated to a sacrificial blended EPS/PE sheet 14. 
5 A roll of blended EPS/PE sheet 14 is positioned to feed through a set of tensioning rollers 
38" past heat nozzle 36" into laminating rollers 34". Similarly, a set of tensioning rollers 38" 
prepare the combined laminate (skin 20/foam backer 16) to travel past heat nozzle 36" and 
into laminating rollers 34". Laminating rollers 34", like laminating rollers 34 and 34' may be 
adjusted to vary the pressure, temperature and speed at which materials are processed 

10 between the rollers. As noted above varying pressure, temperature, and speed enable 
optimization to produce the best bonding between the two materials being laminated. 

Blended EPS/PE sheet 14 bonds to the combined laminate as it travels through 
laminate rollers 34" and is stored on a take-up roll 40, so it can be further processed. One or 
more idler rollers 42 may be used to aid in handling the composite three-layer laminate. The 

1 5 composite three layer laminate that results includes skin 20 bonded on top of foam backer 1 6, 
which is bonded on top of sacrificial blended EPS/PE sheet 14. 

Fig. 7 illustrates the final automated manufacturing step for production of sports 
board 10. Take-up roll 40, containing the composite three layer laminate described above, is 
positioned for feeding into laminating rollers 34 of hot air laminator 30. EPS core 12 is 

20 reversed so that the top side thereof is positioned to receive the composite three-layer 

laminate and the EPS core is feed through guide rollers 32. EPS core passes below heat 

nozzle 36 and aligns with the composite laminate. Sacrificial blended EPS/PE sheet 14 

passes adjacent heat nozzle 36 and is softened for bonding with EPS core 12. The composite 
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laminate and EPS core pass under pressure through laminating rollers 34 and are bonded 
together. 

Subsequent to laminating the composite laminate to EPS core 12, rail skins 
constructed of a surface skin layer and a foam backer are laminated to the rails of EPS core 
12, which have previously been covered via lamination with a sacrificial blended EPS/PE 
sheet to enable the lamination of the film/foam backer rail skins thereon. Often this step is 
done with a hand lamination process to ensure that the complex surface of the rails bonds 
completely with the rail skins. 

The above method illustrates how a sports board constructed with the structure 
illustrated in Fig, 2 may be manufactured. Those skilled in the art will comprehend that 
variations and alternate types of laminating techniques may be successfully employed to 
achieve the same sports board construction, and the example discussed above is merely 
illustrative and should not be interpreted as the only suitable method for manufacturing a 
sports board with the structure illustrated in Fig. 2. 

Although the present invention has been shown and described with reference to the 
foregoing operational principles and preferred embodiments, it will be apparent to those 
skilled in the art that various changes in form and detail may be made without departing from 
the spirit and scope of the invention. The present invention is intended to embrace all such 
alternatives, modifications and variances that fall within the scope of the appended claims. 
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